The progress in imaging methods enables fine needle aspiration (FNA) biopsy to be performed on smaller and smaller lesions, including malignant ones (papillary microcarcinomas). The follicular variant predominates in this group, with cytological features often not permitting an unbiased interpretation. The aim of the study was to determine the degree of reliability of the "suspicious for malignancy" (SM) diagnosis in material from the Institute of Oncology in Gliwice (IO). 290 primary SM diagnoses were established from 2010 to 2015 in the IO, including the consultations. None of the patients was treated surgically after the first FNA resulting in diagnostic category V (DC V). After the second FNA 80 patients underwent surgery, after the third 58, and after subsequent FNA 10. Together, 148 surgical resections were performed. Among 148 patients treated surgically, 111 were diagnosed with malignant lesions, which constitutes 75%. Predominantly -in 91 cases -the histopathological outcome was papillary carcinoma. The others were: 16 medullary carcinomas, 2 follicular carcinomas, and 2 poorly differentiated carcinoma cases. Moreover, 8 follicular adenomas and 28 nonneoplastic lesions were found. The high positive predictive value (PPV = 75%) of SM diagnosis established in the IO testifies to the high reliability of this test. Diagnostic category V in FNA should be an indication for surgical treatment.
Introduction
Improved imaging and screening methods have caused a gradual increase in the number of detected thyroid carcinomas worldwide. Increased detection has especially concerned small (< 2 cm) lesions [1, 2, 3, 4, 5] . A greater increase has been observed in southern Europe, the USA and the Republic of Korea, while northern Europe and Japan have noted a moderate increase [1, 2, 3, 6, 7, 8, 9] .
Thyroid carcinoma is unlike lung or breast carcinoma, or melanoma, which have bad prognoses and in which it is difficult to achieve a decrease in mortality. Papillary thyroid carcinoma (PTC), which comprises the great majority of malignant changes in the thyroid, has a good prognosis [10] . PTC belongs to the group of neoplasms that are often found on autopsy (in up to 30% of examinations), because its course is usually asymptomatic and indolent. Over the last 10 years, the progress in imaging methods and serologic and molecular tests has supported fine needle aspiration (FNA), which still is an irreplaceable method of quick workup of thyroid nodules [9, 11] . The first attempts of thyroid lesion diagnostics date back to 1939, when the Tru-Cut (Core Needle) biopsy was tested, but only in 1960 did FNA allow a non-invasive and quick suggestion of diagnosis and assessment of the risk of malignancy which guides patient management [12] .
After the implementation of FNA into routine practice, the interpretation of cytological images was gradually improved, translating the pathologists' language into clinical recommendations, until in 2007 a still valid consensus was established. PTC along with other malignant neoplasms and suspected malignancies belong to categories VI and V, respectively, of the Bethesda System for Reporting Thyroid Cytopathology (BSRTC) [13] . Depending on our certainty of the diagnosis, either diagnostic category VI (DC VI -malignant) or, in the absence of all cytological features of a malignant neoplasm, suspicion of malignancy (DC V -SM) should be reported [14] . SM defines cytological characteristics allowing formulation of the diagnosis and further management, and determines the risk of malignancy.
Diagnostic category V concerns a cytological image which reveals morphological features of a malignant neoplasm, but not all criteria of this diagnosis are fulfilled. SM is most often related to the follicular variant of PTC (FVPTC). Regarding medullary carcinoma, even if the FNA image is unequivocal, a serum calcitonin test is required. Suspicion of lymphoma should result in repeat FNA and a flow cytometry test. According to the Polish recommendations, the diagnosis of DC V should be confirmed by another cytopathology specialist from a different institution, and the patient should be treated surgically, which often requires additional tests (repeat FNA, intraoperative examination) [13, 14] . An experienced pathologist does not encounter problems diagnosing PTC, but its follicular variant causes difficulties. These thyroid changes cannot be unequivocally diagnosed by cytological examination alone.
Material and methods
16 656 smears from thyroid nodule FNA were evaluated in the Department of Tumor Pathology of Maria Sklodowska-Curie Memorial Cancer Centre and Institute of Oncology, Gliwice Branch between January 2010, when BSRTC was introduced in our institution, and April 2015. All FNAs were performed in 2-person teams of a pathologist and radiologist, under ultrasound guidance. The material was obtained by 25-gauge needles. The smears were fixed in 95% alcohol and stained with hematoxylin-eosin (HE). All patients who were finally subjected to surgical resection had at least 2 FNAs, either both in our institution, or one in an outside institution (with subsequent consultation with our specialists) and another in our department. Each test contained a description of the site of the biopsy with the size of the nodule and ultrasound photography.
Results
In 16 656 FNAs, the initial diagnosis of DC V was made in 290 cases (Fig. 1) . All patients were subjected to a repeat FNA, obtaining confirmation of the primary diagnosis of DC V in 217/290 cases (75%). Eighty patients were scheduled for an operation and 35 moved to surveillance. Another (third) FNA was performed in 175 patients, and yet another (fourth) in 81 patients, obtaining confirmation of a primary DC V diagnosis in 67/175 (38%) and 20/81 (25%) cases, respectively. After the third FNA, 58 patients were treated surgically, and after the fourth, 10.
Altogether, 148 patients were operated on ( Fig.2 ), establishing 111 diagnoses of malignant neoplasms, 29 benign non-neoplastic changes and 8 benign neoplasms (Fig. 3 ). In the group of cancers there were 91 PTCs (56 classical, 32 follicular, 2 non-invasive follicular variant of PTC (NI-FVPTC) and 1 Warthin-like PTC (Fig. 4) , 16 medullary carcinomas, 2 follicular carcinomas, and 2 poorly differentiated carcinomas (Fig. 5) .
Moreover, 8 adenomas were found, and in the group of benign lesions there were 29 cases of: multinodular goiter, hyperplastic nodules, colloid nodules and inflammatory changes.
Finally we analyzed FNA slides of DC V cases available in our department's archive (27 of 37 diagnoses) in which the postoperative HP report did not confirm malignancy with 27 randomly chosen (in order to create groups similar in size) cases in which the postoperative report gave the diagnosis of papillary carcinoma. The analysis concerned six major features that are the basis of cytological diagnosis of papillary carcinoma. Results of the analysis are summarized in Table I .
To facilitate communication, the group of 27 randomly chosen papillary carcinoma cases confirmed in HP examination was named as group I and the group of 27 benign neoplasms/benign lesions reported in postoperative HP examination was named as group II.
In group I, 6 cases (4 PC, classical variant and 2 PC, follicular variant) had all 6 major features, while in group II three cases (2 hyperplastic nodules and 1 multinodular goiter) presented all 6 features (Table II) .
Discussion
The main task of BSRTC was categorization of the diagnoses and determination of the risk of malignancy (RM) for each diagnostic category. BSRTC assesses the RM for "suspicious for malignancy" group at the level of 60-75% (Table III) [13] . Literature data concerning this topic are varied. A large study based on 25 publications that were divided into two groups, pre-Bethesda and post-Bethesda, recorded the RM for DC V at 67.8% and 79%, respectively. It was a metaanalysis of 102 076 FNA results [15] .
Renshaw et al., on the material of 7089 FNAs, presented 131 DC V (123 cases of suspicion of PTC and 8 of suspicion of lymphoma). Seventy-five patients were subjected to surgery; the obtained RM was 97%. For 123 suspected PTCs, 59% (73/123) were histologically verified, and the diagnosis of cancer was confirmed in 99% (72/73) [16] .
A large series of 8 studies was pooled by Bongiovanni et al. [17] . They obtained the DC V RM at the level of 75% in the group of 25 445 FNAs. Nayar et al. obtained 97 SM (2%) from 5194 FNAs, 83 patients had surgical treatment (85.5%), and the reported RM was 53% (44/97) [18] .
In a smaller analysis, Mondal et al. obtained 14 DC V from 1020 FNA, operating 12 patients. The diagnosis of a malignant change was confirmed in 75% [19] .
A similar group was analyzed by Tepeoglu et al. 1021 FNAs, 36 DC V (3.5%), RM at 91.4% [20] .
An even smaller study by McElroy et al. showed 97 FNAs with 2% of DC V, and the risk of malignancy was 100%. The discrepancies between the studies probably result from the size of the cohorts, but irrespectively of the size of the group, the risk of malignancy is considered high.
The "suspicious for papillary carcinoma" diagnosis is established in the absence of all PTC cytological criteria, but when we report "papillary carcinoma" in FNA, it is confirmed in histopathological verification in an overwhelming majority of cases [15] .
The analysis of cytological features in smears from thyroid nodules shown in Table II illustrates the difficulty in cytological diagnostics of thyroid lesions and the necessity of existence of DC V. We studied 6 major cytological features that allow the diagnosis of papillary carcinoma from the FNA smear. Moreover, our evaluation covered six secondary features (smear adequacy, cellularity, sheets/follicles forming, eosinophilic cytoplasm), absence of which may impede an unequivocal diagnosis despite the presence of major features. We cannot make a diagnosis of papillary carcinoma (only raise a suspicion) when there are few characteristic cytological features or when they are strongly expressed but the quality of the smear is poor.
Literature analyzing cytohistological correlations point out the differences resulting from adequacy and quality of smears and the variety of material caused by occurrence of various histological variants of papillary thyroid carcinoma and histoarchitectural features of benign lesions, which explain the difficulties related to cytological diagnostics of papillary thyroid carcinoma. Polish experts determined the RM for DC V between 30% and 50% [14] . In our material in 290 SM (in 16 656 FNAs), which comprises 1.7%, we found 111 malignant changes in 148 operated patients, which equals 75%.
Slightly divergent data were collected by Ho et al. In the analysis of 541 FNAs they found that 4.2% were in DC V (4/96), operated on 2 patients (50%) and did not find any malignant lesions in the postoperative material [21] .
The SM category accurately expresses diagnostic doubts resulting from a cytological image of nodules which do not present the full set of features characteristic for a malignant neoplasm. Whether the analysis concerns a few thousands [15] or one thousand FNAs [19] , the results obtained by researchers working in different parts of the world and staining their specimens with different methods, are quite similar (Papanicolaou stain [18, 19, 22, 23, 24, 25, 26, 27, 28, 29] , Giemsa and Papanicolaou stain [19, 20, 30] and Giemsa stain [20, 31, 32] ).
The report of "suspicious for papillary carcinoma" is most common in this category, but it is the diagnosis of FVPTC that arouses most controversy.
FVPTC comprises 85% of PTCs. Characteristically, the tumor cells are arranged almost entirely in a follicular pattern with the nuclear features identical to those of PTC (nuclear pallor, intranuclear inclusions and grooves) [33] .
It is not difficult to diagnose FVPTC on a HP examination, and we can support the report with immunohistochemistry. However, when interpreting the cytology image we can only raise a suspicion of this variant and possibly carry out a molecular test, but its value is limited [33] . The diagnosis of the right variant of PTC is clinically essential; moreover, the encapsulated FVPTC has a very good prognosis, and the metastases almost never occur in this variant. Of course, in the literature and clinical practice we encounter possibilities of indirect pre-operative identification of an encapsulated or diffuse FVPTC. Because of the tumor biology, molecular tests are useful, but even the combination of a molecular test and FNA does not give 100% compliance with the HP report. Generally, the encapsulated FVPTC is thought to have a similar biology as the classic PTC, but the NI-FVPTC has an indolent clinical course comparable to follicular adenoma [33] . More and more lesions like this have been detected, partly thanks to the improvement of the quality of imaging methods. Commonly, the detection of small, non-invasive, indolent tumors increases, which results in raised morbidity with a stable level of mortality. The NI-FVPTC has been recently widely discussed in the literature.
Faquin et al. introduced a reclassification based on BSRTC [9] . They evaluated the risk of malignancy on their post-operative material, excluding lesions with NI-FVPTC characteristics from the group of cancers. Their study was conducted on the basis of a conference that took place in March 2015. The Endocrine Pathology Society proposed a formal reclassification, treating NI-FVPTC as a benign neoplasm [34] . The researchers analyzed 5 studies from 5 institutions, [9, 35, 36] . Moreover, they concluded that after reclassification due to the decrease in RM there should be an indication for lobectomy instead of a thyroidectomy in many cases [9] . When we carried out such a reclassification in our analysis, the risk of malignancy decreased from 75% to 73% for DC V (in our material there were 2 cases of NI-FVPTC).
A benign lesion that might be misinterpreted as PTC due to its cytological image is hyalinizing trabecular tumor (HTT). It is a benign neoplasm with nuclear features as in PTC -nuclear grooves and inclusions are common [37] . There is a possibility of misdiagnosing it as PTC because HTT is a rare finding. A diagnostic tip might be a multitude of nuclear pseudoinclusions (which are not so numerous in PTC) and a definitely larger amount of material. The correct diagnosis is achievable after the surgical intervention. This tumor usually has a rather characteristic image, but most often requires immunohistochemical confirmation (at least MIB-1 expression should be evaluated -membranous reaction). A molecular test might also be useful (this tumor does not carry the BRAF mutation, specific for PTC) [37, 38, 39, 40] .
At the end of the list of changes that could be reported as SM in FNA are medullary carcinoma, lymphoma and metastases to the thyroid gland.
In each of these lesions the image might not be characteristic; hence diagnosing as SM is entirely reasonable. In our analysis 16 medullary carcinomas were found in the post-operative material, which comprised 14% (16/111) of all malignancies. It is generally accepted that the frequency of medullary carcinoma among thyroid cancers ranges between 5% and 10% [41] . In all cases in which we suspect a medullary carcinoma, the serum calcitonin (CT) level should be measured.
The research of Bugalho et al. included the analysis of 91 cases of medullary carcinoma. Retrospectively, on the basis of the HP reports they analyzed the sensitivity of FNA and serum CT level tests. They concluded that the serum CT level is a more sensitive method for detecting medullary carcinoma than FNA [41] .
The diagnosis of a lymphoma in thyroid FNA is difficult, but (luckily) rare. In our material we did not obtain any lymphoma classified as DC V in FNA. In every case, repeat FNA and a flow cytometry test should be conducted [13, 14] .
In the literature analysis we found a study that compared the efficiency of a core needle biopsy and FNA. The researchers proved that a core needle biopsy might be useful for evaluation of thyroid lesions that are suspicious for malignancy, but with exclusion of follicular lesions. Assuming that FNA has acceptable reliability to distinguish between benign and malignant lesions, it is regarded as the gold standard in thyroid nodules workup [41] .
Conclusions
A high positive predictive value (PPV = 75%) of SM diagnosis established in the Department of Tumor Pathology of Maria Sklodowska-Curie Memorial Cancer Centre and Institute of Oncology, Gliwice Branch, testifies to the high reliability of this test. DC V in FNA should be an indication for surgical treatment.
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